One of the most critical steps towards landslide risk analysis is the determination of element at risk. Element at risk describes any object that could potentially fail or exposed to hazards during disaster. Without quantification of element at risk information, it is difficult to estimate risk. This paper aims at developing a methodology to extract and quantity element at risk from airborne Light Detection and Ranging (LiDAR) data. The element at risk map produced was then used to construct exposure map which describes the amount of hazard for each element at risk involved. This study presented two study sites at Kundasang and Kota Kinabalu in Sabah with both areas have experienced major earthquake in June 2015. The results show that not all the features can be automatically extracted from the LiDAR data. For example, automatic extraction process could be done for building footprint and building heights, but for others such as roads and vegetation areas, a manual digitization is still needed because of the difficulties to differentiate between these features. In addition to this, there were also difficulties in identifying attribute for each feature, for example to separate between federal roads with state and unpaved roads. Therefore, for large area hazard and risk mapping, the authors suggested that an automatic process should be investigated in the future to reduce time and cost to extract important features from LiDAR data.
INTRODUCTION
Slope failures, landslides or any form of mass movements pose serious hazards yet are difficult to predict (McColl, 2015 , Brideau and Roberts, 2015 , Couture and Evans, 2006 . Despite remarkable efforts of mapping, monitoring and modelling of such major events at regional or local scales, quantifying the processes and activities of the hillslope and tectonic geomorphology is very challenging. Combined with anthropogenic activities, especially the development and settlement on unstable tropical terrain, landslides as natural processes in the first place have become natural disasters. Given that landslides often cause extensive damage to infrastructure and many casualties, it is important to identify the extent of slope failures, to define their characteristics and to estimate their activity (McKean and Roering, 2004) .
Disaster risk is a function of hazard, exposure and vulnerability, expressed as the probability of loss of life, injury, and destroyed or damaged capital stock in a given period (De Bono and Mora, 2014) . A comprehensive risk assessment and analysis is required for a better risk management. It must be evaluated with reference to a return period. Maps showing the areas that may be affected by landslides are a common tool used by authorities and decision makers to interact with the public and local community.
In any disaster, there will be objects that could potentially fail or be exposed to hazards. These are called elements at risk. The extraction and generation of the elements at risk for landslides is part of the activities in landslide risk assessment. The quality of elements at risk mapping can be improved with the use of high density LIDAR data (Du et al., 2017 , Kumar et al., 2013 . Some common examples are population, buildings and engineering structures, economic activities, public services, utilities, and cultural and environmental features in the area potentially affected by landslides (Razak et al., 2011 , van Westen et al., 2008 . As a result of elements at risk mapping, the level of hazard and risk can be properly defined. Moreover, the magnitude of a hazard or risk, expressed in terms of probability or likelihood for hazard and consequence for risk can be subsequently analyzed. This paper will address the methodology the authors developed to characterizing elements at risk from LiDAR data and how this information can be useful for landslide risk assessment.
METHODS
The study site is located at Kundasang and Kota Kinabalu (both in Sabah, Malaysia). These two sites were chosen as these areas have experienced earthquake and aftershocks. The major earthquake struck Sabah (especially Kundasang area) in June 2015 with 6.1 magnitude and hit some parts of Mount Kinabalu, which is one of the main tourist areas in Sabah. With unstable hilly slopes and considerable number of landslides (Sharir et al., 2016 , Omar et al., 2016 , Kundasang was considered suitable for the study. Kota Kinabalu was also included in this study as it is an urban area with high density population and could be affected by earthquake in Kundasang.
The main dataset used in study was collected using airborne LiDAR, acquired on August 2015 using RIEGL airborne LiDAR system. The final output from this system consists of 3D point clouds (in LAS format), 0.25m Digital Terrain Model (DTM), 0.25m Digital Surface Model (DSM) and 0.07 m orthophoto. One of the essential information that was required in producing element at risk analysis was building footprint from the LiDAR data. This was completed using Global Mapper software v16 and ArcGIS v10.1. First, the building footprint was extracted from the 3D point cloud in Global Mapper. Secondly, the results were exported to ArcGIS to perform smoothing and filtering of building footprint polygons using aggregation process (aggregation distance of 1 meter). The specified aggregation distance was chosen based on several trial and error process as well as to maintain the shape of the buildings. In this stage, the selected distance will cluster adjacent points for building footprint to create a smooth building polygon. The attribute categories for building class are commercial, residential, industrial, public facility and institution. For road layer, extraction was using manual digitization process, with the same aerial orthophoto and hill shaded DTM layer to provide the operators with another angle of view and ease the digitizing process. The categories for road attribute are federal, state, rural and unpaved roads.
Building height is one of the valuable information that can be obtained from the airborne LiDAR dataset. This height can be obtained automatically for each of the building footprints with good accuracy. This information was obtained from Normalized Digital Surface Model (nDSM) where each pixel in the raster image contained values representing height of features. The process of extracting the height values was done using zonal statistics function (i.e. ArcGIS software) where the values from pixels were selected within the building footprint and merged with the attribute table of building polygon. After each of the building polygons were assigned individual height, it was then randomly validated using Google Street View to maintain consistency and data accuracy. This method was applied to both Kota Kinabalu and Kundasang areas.
The analysis of element at risk was carried out by looking at the potential areas where the elements are located near to the natural landslides and man-made slope failure. The analysis took 100 meters of buffering distance from the landslide and man-made slope polygons and any features of element at risk that lies within the zones were extracted. This process will identify the potential candidates that should be included in next analysis. Initially, 50 meters of distance was tested as the buffering distance. As a result, the buffering zone was to small and only few buildings were included in the analysis for both areas. This produced irrelevant results and most likely these features will not be affected by any hazard. In contrast, another test that was done using 200 meters buffering distance and showed that there were too many buildings affected, although these building were located very far from the center of the polygons. Therefore, 100 meters buffering distance was deemed as appropriate distance for these areas after considering these factors. Note that other areas with different settings might need different values. In addition to this, the information from the element at risk analysis was used to produce exposure map. Exposure indicates the degree to which the elements at risks are in an area affected by a hazard. The spatial interaction between the elements at risks and the hazard footprints were depicted in a GIS by map overlaying of the hazard map with the element at risks map.
RESULTS AND DISCUSSION
The affected buildings and roads within the buffering zones can be explained in statistics form as in Tables 1-4 The
The results show that about 6,146 out of 28,823 total buildings in Kota Kinabalu which is 21.32% of buildings are at risk ( By using information and analysis from element-at-risk and hazard maps, the calculation of exposure map is possible. The method was completed in GIS environment by overlaying both information. The results of the exposure calculation can be illustrated as landslide exposure maps for Kota Kinabalu and Kundasang areas (Figures 5-6 ).
The exposure level of hazard for building and roads can be summarized in Tables 5 to 8 . For building in Kota Kinabalu (Table 5) , about half on the buildings in the area were categorized as 'Medium' level (50.52%), which was considered as the highest percentage. This was followed For road in Kota Kinabalu (Table 6) , there were only two levels of exposure which is 'Medium' and 'High'. From this, about 85% (292.76 km) of the total roads were categorized as 'Medium' and the rests (15% or 52.95 km) were considered as 'High'.
For building in Kundasang (Table 7) , the highest class was the 'High' exposure level with 43.39% or about 1635 buildings. The second largest was 'Very High' level (26.78%), followed by 'Medium' with 19.64%, 'Low' with 9.71%. Buildings with 'Very Low' were the lowest with 0.48% (about 18 buildings).
In the meantime, for road in Kundasang ( One of the important aspects in airborne LiDAR processing is a process to separate between ground and non-ground laser points. Problems in the filtering process will lead to a problem in landuse and landcover mapping. For example, buildings might be wrongly classified as ground terrain. This will affect the quality of element at risk mapping. In this case, airborne LiDAR filtering process should be done carefully that accounts for local condition of a specific area. This also requires careful assignment of values for important variables in the filtering algorithm. The results of this filtering process should be supported by strong quality checking (QC) procedures.
The result of exposure map is highly depending on the hazard map produced. The map shows the degree of element at risks located on the hazardous locations and how the building and road features are selected to be element at risks. The degree of accuracy in hazard map and element at risks reflects directly on how good the accuracy of exposure map. Therefore, the results of landslide exposure (or also can be described as hazardous footprints) can be improved in terms of its accuracy if the hazard map have a high success rate and reflects the data from the field visit. In other word, the accuracy of hazard map will affect the landslide exposure map produced and it is important to formulate hazard map at the highest accuracy.
CONCLUSION
This study has successfully presented a method to remotely extract the information from LiDAR data to assist with the landslide hazard and risk analysis. The method has been demonstrated to be suitable for landslide areas in Kota Kinabalu and Kundasang areas. However, investigation is needed to test whether the method could be applied for other landslides areas as the setting and physical condition are different.
